We evaluate the clinical performance of the Luminex xTAG gastrointestinal (GI) pathogen in vitro diagnostic (IVD) assay in a comparison between clinical and public health laboratories. The site reproducibility study showed 98.7% sensitivity with high positive and negative agreement values (96.2% and 99.8%, respectively), while assay performance against confirmatory methods resulted in 96.4% sensitivity with similar positive and negative agreement values (90.1% and 99.5%, respectively). Highthroughput detection of multiple GI pathogens improved turnaround time, consolidated laboratory workflow, and simplified stool culture practices, thus reducing the overall cost and number of specimens processed.
G
astrointestinal (GI) infections remain a major health problem for morbidity and mortality worldwide (1, 2) . Rapid and accurate laboratory diagnosis is critical to avoid further spread of disease due to the complexity of gastroenteritis cases. It also aids in judicious antibiotic therapy use while minimizing costs from presumptive isolation and hospital stay (3) (4) (5) (6) .
The different conventional microbiological and molecular testing methods are typically performed in clinical laboratories to identify gastrointestinal pathogens. This practice not only limits diagnostic efficiencies due to the failure to test for particular agents, the lack of sensitivity/specificity, the inability to culture organisms, and the longer turnaround time (TAT) but also impacts guidance on clinical decisions (2, 7, 8) . Therefore, for timely identification of the pathogens that may cause nosocomial outbreaks, a rapid, multiplex frontline screening assay is highly desirable to improve the current practices of infection control (9) (10) (11) .
This study reports the clinical evaluation of the xTAG gastrointestinal pathogen panel (GPP) in vitro diagnostic (IVD) assay and compares the assay performances at two different study sites. This parallel evaluation study is the first to assess the feasibility, clinical utility, and acceptability of the xTAG GPP IVD assay for improved sample-to-result turnaround time, treatment measures, and outbreak response using a highly sensitive and specific method with a high degree of reproducibility.
To assess clinical assay reproducibility between testing sites, the Milwaukee Health Department Laboratory (MHDL) and the Le Bonheur Children's Hospital laboratory performed side-byside GPP analysis of the 167 stool specimens collected from pediatric and adult patients with symptoms of gastroenteritis during February to June 2013. Stool specimens were transported to MHDL and the Le Bonheur laboratory as frozen raw stool in sterile 1.5-ml microtubes according to Institutional Bio-Safety Committee (IBC) guidelines. Each site processed the specimens according to the xTAG GPP IVD package insert guidelines. Analysis of clinical specimen nucleic acid was performed using a Luminex 200 instrument (Luminex Corporation, Austin, TX) with Luminex xPONENT software (version 3.1), while data were exported to xTAG TDAS GPP (version 1.2) software for analysis. Identification of targets was based on elevated relative fluorescence above a predetermined threshold. Positive detection of pathogen targets was confirmed using gold standard methods appropriate for the pathogen detection ( Table 1) .
Tests of discrepant specimens were repeated at both sites by reextraction of the nucleic acid and follow-up testing. Stool specimens were analyzed using available molecular or conventional methods to resolve the discrepancy. Sample inhibition, determined by lack of internal control (IC) detection, was resolved by performing 1:10 dilution of the nucleic acid and retesting. Results from the two sites were compared after discrepancies were resolved, and statistical analysis was performed.
The Le Bonheur laboratory and MHDL analyzed 167 clinical stool specimens with 77 confirmed pathogen or pathogenic toxinrelated infections between the two laboratories. Results by organism detected were summarized in Table 2 . There were three discrepancies between the sites: two instances of rotavirus missed by each laboratory and one Shigella isolate detected by MHDL and not detected by the Le Bonheur laboratory ( Table 2 ). There were five confirmed coinfections during this study. Three were positive for norovirus GI/GII and Clostridium difficile (toxin A/B), and two were positive for C. difficile (toxin A/B) and rotavirus A.
The rates of inhibition for the Le Bonheur laboratory and MHDL were 19% and 14%, respectively. Each site used an 0.1-ml sterile loop to attempt to sample approximately 0.1 g of stool; however, there is variation in stool consistency as well as in user sampling techniques which affects sample volume. Resolution of inhibition (when all targets and IC remain undetected), according to the GPP package insert, is achieved by performing a 1:10 dilution of the extracted nucleic acid into nuclease-free water and reamplifying/reanalyzing the sample. The final rate of inhibition after performing the repeat testing protocol was 3% for each site.
Statistical analysis indicates that the assay was highly reproduc-ible. The positive agreement value (PAV) was 96.2% (88.6 to 99%), while the negative agreement value (NAV) was 99.8% (99.4 to 99.6%). The assay showed a sensitivity of 98.7% (92 to 99%) with 99.8% (99.4 to 99.6%) specificity, which was determined upon resolving discrepant results between sites (Table 2) . Site reproducibility studies are good collaborative approaches to compare performances of diagnostic techniques. The results of these studies offer a wealth of information by determining clinical performance of new technology, such as the xTAG GPP IVD assay. During the site-to-site comparison, we found high correlations between our laboratories performing the GPP assay. Our data showed a significantly low rate of false negatives/positives, a high degree of sensitivity and reproducibility, and a high degree of positive and negative agreements.
Discrepancies among the methods were resolved using conventional gold standard and molecular techniques when available in order to confirm the results observed. The current FDA recommendation for the use of the xTAG GPP requires confirmatory testing of positive results using an established reference method. This recommendation, although essential for result accuracy when evaluating new technologies, can be time-consuming, costprohibitive, and burdensome, especially for smaller laboratories which lack personnel and reference methods. Although we believe this recommendation to be temporary until there are enough data to support the technology, our study indicates a possible way to minimize the confirmation burden while obtaining a statistical level of certainty for the results from the GPP assay.
The xTAG GPP IVD assay was added to the routine microbiology testing algorithm at both sites in order to assess its role as the primary diagnostic method. A total of 211 prospective clinical specimens from symptomatic patients with gastrointestinal (GI) infections were independently tested between the two sites during July to December 2013 during postevaluation studies on clinical and outbreak specimens. Results show a total of 83 confirmed pathogen target detections. The sites identified three false-negative and six false-positive results during the study (Table 3) . We wanted to record a snapshot of GI pathogens circulating in our patient populations and to determine the significance of coinfections in clinical and public health settings.
We confirmed a 39.2% infection rate. The top three pathogen targets detected were C. difficile (toxin A/B), Salmonella spp., and Cryptosporidium spp., accounting for 67% of the targets detected (Table 3 ). There were five confirmed coinfections during the postevaluation surveillance period: C. difficile (toxin A/B) plus norovirus GI/GII, C. difficile (toxin A/B) plus Salmonella spp., Shigella spp. plus norovirus GI/GII, Shigella spp. plus Cryptosporidium spp., and Cryptosporidium spp. plus norovirus GI/GII. The calculated occurrence of coinfections based on the total number of clinical specimens (n ϭ 211) was approximately 2.3%.
Discrepancies between GPP and conventional methods and inhibited specimens were observed, but similarly to our site reproducibility, the frequency of these events was low. As before, we determined that most inhibition occurred as a result of differences in stool sampling. The dilution of the extracted nucleic acid significantly lowered the inhibition rate. A consideration going forward to maintain low inhibition is to avoid oversampling the stool. We determined the positive and negative agreement values for this assay to be 90.1% (81.6 to 91.5%) and 99.5% (99.1 to 99.8%), respectively. During this part of the study, we were able to detect common clinical pathogens and small-scale outbreaks of Cryptosporidium hominis and norovirus. Our laboratories were also able to identify a small yet significant occurrence of coinfections. We believe that coinfections will become more relevant in diagnosis as more clinical and public health laboratories start using multiplex methods for GI pathogen testing.
The significance of the xTAG GPP results from this study is to showcase the ability to eliminate multiple testing by consolidating testing into an assay with high sensitivity and improved TAT. Recent studies have demonstrated that replacement of conventional methods with the xTAG GPP has improved sensitivity and TAT (12) (13) (14) (15) . In an effort to address the workflow, cost benefits, and increased efficiencies of bringing GPP into our laboratories, we compared the costs per specimen, TATs, and hands-on staff times for GI pathogen diagnosis between conventional methods and GPP (Table 4) .
We divided laboratory costs into several categories, including reagents, labor cost, and potential scalability of the methods (without additional labor cost). We determined a potential increase in savings across the board, with the exception of reagent costs, which were higher than those for conventional methods. Compared with the overall savings across the other categories, however, we determined that reagent cost was not significant. A recent health economic study specifically looked at the cost savings for infection control due to reduction in the number of isolation days (12) . Those findings describe shorter laboratory TAT and a reduction in the number of tests and specimens; however, there is a lack of publications quantifying efficiency benefits in laboratory workflow, materials, labor, and associated cost savings compared to other conventional tests. More outcome-driven data would allow clinical microbiologists and physicians to practice efficient and appropriate testing with an algorithm to assess the true impact on the outcome of patients with infection (16) . While more of those studies are yet to come, we believe that the outcome of our study will shed light on comparative levels of effectiveness in clinical GI investigations and outcome measures with respect to individual patients and populations in general.
At the time of this publication, 4 targets available in the RUO panel were not present in the xTAG GPP IVD kit (Vibrio cholerae, adenovirus 40/41, Yersinia enterocolitica, and Entamoeba histolytica). It is unclear if these targets will eventually be included in the IVD version of the assay. For laboratories looking to expand their GI pathogen test panel, high validation costs can be mitigated by collaborations among institutions. The sharing of resources, technical knowledge, and clinical specimens among public health, academic, clinical, and reference laboratory networks can aid these efforts by defraying testing costs and increasing specimen diversity and accessibility.
We see a real added value to the implementation of the xTAG GPP IVD assay to clinical and public health microbiology laboratories. It broadens pathogen detection capabilities with high sensitivity and specificity, while reducing TAT. Detection methods across most of the laboratories are very specific but lack pathogen diversity. Current testing algorithms, shrinking laboratory funding, and lack of technical expertise in conventional culture-based techniques might prohibit the use of multiple detection methods. Use of the GPP assay is likely to offer improved diagnostic capabilities, better patient care, and better physician treatment satisfaction with additional pathogen information not previously or readily available. We anticipate that molecular multiplexing approaches would significantly improve laboratory efficiencies over the current multitiered GI disease diagnostic practices in clinical case management and public health enteric outbreak investigations.
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